Background: Hypoglycemia among diabetic patients is a major complication, which results in high morbidity and mortality. Hospitalization provides the inadequate patient care and management. Objective: The aim of this study was to determine the potential risk factors for hospitalization due to hypoglycemia among diabetic patients. Method: In a case-control study, the cases were diabetic patients admitted due to hypoglycemia. Controls were diabetic patients admitted for other reasons. The cases and control subjects were recruited from the inpatient department of the middle level hospital in Northeast Thailand. The total sample size was 360 patients who met the criteria and had been hospitalized. The number of case was 90, and the number of controls was 270. The data were analyzed by determining the adjusted odds ratio, and 95% confidence interval of the ORs using multiple logistic regression models. Results: Using a multivariate logistic regression model, five variables were significantly associated with hospitalization due to hypoglycemia among diabetic patients: 1) patients who received insulin injections (AOR = 20.75; 95% CI: 4.7 -91.41; p = 0.001); 2) patients who did not carry sugar candy or a dessert with them at all times (AOR = 13.89; 95% CI: 1.92 -100.31; p = 0.01); 3) patients with an occurrence of hypoglycemia at least once a week at home(AOR = 8.83; 95% CI: 2.58 -30.20; p = 0.001); 4) patients who were adjusted for doses of medication on their own (AOR = 6.62; 95% CI: 1.30 -33.70; p = 0.02); and 5) patients who lacked knowledge did not understand the causes and symptoms of low blood sugar (AOR = 7.97; 95% CI: 1.97 -32.22; p = 0.001). Conclusion: Receiving insulin injection and poor knowledge and self-care of hypoglycemia prevention were the best predictors of hospitalization due to hypoglycemia among diabetic patients. These factors need to be adequately addressed in order to provide better care and management to prevent hospitalization among diabetic patients.
Introduction
The total number of diabetics worldwide in developed and developing countries is significantly increasing. One hundred and seventy-one million diabetics were identified in 2000, and this number is estimated to double to 366 million by 2030 [1] . In addition, the International Diabetes Federation found that 344 million of the global population aged 20 -79 years have impaired glucose tolerance and this upward trend is projected to increase to 472 million people by 2030 [2] .
In There is also an increasing rate of hospitalization due to acute complications among diabetics aged 15 years and older, from 64.6 per 100,000 in 2005 to 74.3 per 100,000 in 2006, and 98.8 per 100,000 in 2007 [3] . Hospitalization rates due to acute complications are expected to continue to increase into the future.
In Northeast Thailand, surveys conducted from [2005] [2006] revealed that diabetes-related mortality rates were the highest in the country [4] - [6] . We reviewed department documentation on diabetic patients admitted with hypoglycemia in a community hospitalization a 120-bed in Northeast Thailand in 2008-2011. There were 148 patients, 197 patients, 217 patients, and 223 patients [7] . According to these findings, the number of diabetic patients hospitalized for hypoglycemia has clearly increased. In addition, diabetic patients have their own strategies to manage the disease according to their experiences, such as their different interpretations of their hypoglycemia diabetic status from which provided by the biomedical analysis [8] .
At the present, acute and chronic complications of diabetes have increase in number and severity. Hypoglycemia is one of the most common acute complications of diabetes, which affect the brains of diabetics and can sometimes be fatal. Furthermore, hypoglycemia can cause illnesses with increasing severity [9] . The morbidity and mortality rates due to hypoglycemia are also increasing. The overall risk of dying among patients with diabetes is two times greater than the risk in patients without diabetes [10] .
Studies on risk factors for hypoglycemia in diabetic patients admitted to the hospital are essential for the development of health-care policies and care-giving guidelines for reducing such risks. The present study was performed with the objective of examining risk factors for hypoglycemia in hospitalized diabetics.
Materials and Methods

Study Population
This study was conducted from September 2010 to October 2011. The participants were diabetic patients hospitalized at a 120-bed middle level hospital in Northeast Thailand. This study was approved by the Human Ethics Committee of Khon Kaen University (HE531283).
Study Design
This study was a case control study. Cases subject were diabetic patients admitted due to hypoglycemia, and had a serum glucose level ≤50 mg/dl on admission. These patients had symptoms of confusion; sweating; tachycardia and dizziness. Controls subjects were diabetic patients who were admitted due to other reasons, did not have signs and symptoms of hypoglycemia, and had a serum glucose level >50 mg/dl.
We definition hypoglycemia is plasma glucose of less than or equal to 50 mg/dl or who signs and symptoms of hypoglycemia such as weakness; sweating; tachycardia; tingling of mouth and fingers; nausea and vomiting.
Participants
The study participant inclusion criteria were diabetic patients aged 20 years or older, who had been diagnosed by doctors and were registered as diabetics. The exclusion criteria were diabetics who were pregnant, had mental health problems, or were unable to be interviewed. The consent form of the study participant was obtained. We identified 845 diabetic patients who were admitted during the study. Of these patients, four were excluded due to mental health and age ≤20 years old. The sample size calculation for study participant is usually calculated using the formula proposed by Broll [11] . The ratio of case per control subject was established at 1:3, to avoid random error. In total, 360 patients met the selection criteria. Eligible controls and cases subjects selected for study were randomly chosen from department documentation using simple random sampling (Figure 1). 
Data Collection
Data collection was performed using face-to-face interviews with a questionnaire to identify the risk factors related to knowledge and self-care practices. Medical record reviews were also employed to identify other potential risk factors. The questionnaire and checklist for medical record review were developed and pre-tested prior to actual use. The validity of the study tools were reviewed and assessed by three experts. The Content Validity Index (CVI) of the second part of the questionnaire was 0.70, and the third part was 0.85. The reliability was equal to 0.76. The screening questions to measure knowledge about diabetes were analyzed by using 1) the alpha if item deleted; 2) the item-total correlation and discrimination of the index; and 3) the index of difficulty, to avoid confounding effect. The criteria for selecting questions based of this study the index of difficulty range of this study, equal to 0.35 to 0.88. This index was acceptable, and the item-total correlation and discrimination of the index values of this study equaled to ≥0.2. Thus, the items of the question for this study were qualified by meeting the set criteria and not confounding effect.
Data Analysis
Data were analyzed by calculating the odds ratio (OR) with a 95% confidence interval for the OR, which was performed with data categorically used to assess the association between the patients for hospitalization with hypoglycemia and independent variables. Next multivariate analysis was performed using logistic regression to determine the risk factors for hospitalization due to hypoglycemia. Significant associations were obtained at p-values less than 0.05 and with a 95% confidence interval. Data of a categorical analysis was tested for goodness-of-fit using the Hosmer and Lemeshow test, which showed a p-value of 0.98. This study was appropriate for analysis for logistic regression model. Pearson's correlation coefficient was used to obtain to a Correlation Matrix among the independent variables. This study did not find multi-collinearity.
Results
The demographic data and association between patients for hospitalization with hypoglycemia and independent variables are shown in Table 1 . The odds ratio(OR) with a 95% confidence interval for OR analysis for diabetic medication, duration of diabetes, cholesterol, blood urea nitrogen (BUN), serum creatinine, co-morbidities, and occurrence of hypoglycemia at home within the past week, variables among the case and control groups were statistically significant. In addition, there was no statistically significant difference in terms of gender, age, duration of medication and hemoglobin A1C between cases and controls.
A majority of participants were females at least 60 years old of age; most were medicated by insulin injection alone and had been diagnosed with diabetes for at least five years. Lastly, most of the patients also had co-morbidities. The case group had 90 subjects consisting of 65 females (72.2%); 52(57.8%) patients were aged 60 years old or older; 72(80.0%) patients received insulin injections; 18(20.0%) patients received oral diabetes medication; 71(78.9%) patients had diabetes for more than five years; 84(93.3%) patients had co-morbidities, and 54(60.0%) patients had hypoglycemia at home at least once within the past week.
The control group consisted of 270 subjects: 187(69.3%) patients were females; 158(58.5%) patients were aged 60 years old or older; 119(44.1%) patients received insulin injections; 151(55.9%) patients received oral diabetes medication; 139(51.5%) patients had diabetes for more than five years; 215(79.6%) patients had co-morbidities; and 30(11.1%) patients had hypoglycemia at home at least once within the last week.
The final multiple logistic regression model, which included five variables, found that the factors related to a greater likelihood of hospitalization due to hypoglycemia among diabetics were (Table 2): 1) patients using insulin injections were at a 20.75 times greater risk of hospitalization due to hypoglycemia (95% CI: 4.7 -91.49) than patients who received oral medication; 2) diabetics who had poor knowledge about hypoglycemia symptoms e.g., confusion, sweating, tachycardia and dizziness, were at greater risk for hospitalization due to hypoglycemia (AOR = 7.97; 95% CI: 1.97 -32.22); 3) diabetics who adjusted for doses of medication on their own were at 6.62 times (95% CI: 1.30 -33.70) greater risk for hospitalization due to hypoglycemia; 4) diabetics who practiced improper hypoglycemia prevention self-care behavior were at 13.89 times (95% CI: 1.92 -100.31) greater risk for hospitalization due to hypoglycemia than patients who practice proper hypoglycemic prevention strategies, such as regularly carrying sugar or candy with them; and 5) diabetics who were hypoglycemic at home within the past week were 8.83 times more likely to be hospitalized (95% CI: 2.58 -30.20).
Discussion
This study aimed to explore the risk factors for diabetic patients who were hospitalized due to hypoglycemia with in order to inform community health service policy and to modify the clinical practice guidelines for better hypoglycemia prevention strategies.
In this case-control study, we found that those receiving insulin injection therapy alone were at 20.75 times greater risk for hypoglycemia than diabetics who received oral hypoglycemia agent alone. Previous studies have obtained similar results; for instance, a study of 1055 diabetic patients in an outpatient specialty diabetes clinic found that patients who used any insulin had a prevalence of hypoglycemia as high as 30% compared with 16% in patients using oral agents alone and only 12% for patients treated with a diet alone. The authors argued that although these were mild hypoglycemic cases and the severe form was rare, efforts to achieve tight glycemiccontrol should not be deterred [12] . However, our finding highlights an important point: the risk of hypoglycemia when using insulin alone was much greater than when using an oral anti-hypoglycemic alone. We also observed that severe hypoglycemia was common among patients who used insulin alone. Similar findings were found in other settings demonstrating increased severity of hypoglycemia in patients with insulin-treated diabetes [9] [12]- [14] . Our study revealed that both self-care practices and medication adherence behaviors are also significant risk factors for hypoglycemia. Diabetics who adjusted for doses of medication on their own were at 6.62 times greater risk for hypoglycemia and were significantly associated with increased risks for hospitalization. Our results were consistent with other study findings that non-adherent patients had higher all rate of hospitalization (23.2% vs 19.2%, p < 0.001) and higher mortality (5.9% vs, 4.0%, p < 0.001) [15] .
We found that diabetic patients who had hypoglycemia at home at least once were at 8.83 times greater risk for hypoglycemia requiring hospitalization (95% CI: 2.58 -30.20) than diabetics who had never had hypoglycemia at home. Consistent with other studies, we found that self-awareness related to hypoglycemia played a significant role on the memory of severe hypoglycemic patients and the levels of self-estimated awareness of Type1 diabetes [16] . Previous studies have found that the group who lacked awareness of hypoglycemia had high rates of severe hypoglycemia: 5.1 and 9.6 times when compared with the group with normal awareness. Our study showed that diabetics who had poor knowledge about hypoglycemic symptoms (AOR = 7.97; 95% CI: 1.97 -32.22) had a greater risk factor for hospitalization with hypoglycemia.
Among the identified risk factors of hypoglycemia is impaired awareness in diabetic patients. Studies performed in developed counties have highlighted that hypoglycemia unawareness and a poor level of knowledge about diabetes mellitus occurred in patients with severe hypoglycemia [16] - [19] . This main focus of future study have been interested in diabetic patients of both developed and developing countries with impaired awareness of symptoms of hypoglycemia, in which, there are differences the socio-cultural and life styles, such as food consumption behavior.
Another study reported that hypoglycemic episodes [20] and the syncope of hypoglycemia were risk factors of dementia and loss of memory or unconscious with slow recovery in diabetic patients. This result was similar to the finding obtained by Lagi A. [21] , who found that hypoglycemia syncope was unconscious and affected 1.9% of diabetic patients using insulin therapy. In addition, older diabetic patients exhibit a slower recovery from the transient loss of conscious, such as confusion, in the absence of autonomic manifestations, such as sweating. Diabetic patient should die due to hypoglycemia. In our study, we showed that diabetics who were treated with insulin, had less self-care capacity, and lacked knowledge and an understanding of symptoms are at a greater risk for hospitalization for severe and potentially fatal hypoglycemia.
In additional, in Northeast Thailand, diabetes related mortality rates are the highest in the country [22] , which has been demonstrated in a recent study on the association between knowledge and practice, which may be improved for patients from Northeast Thailand. A previous, study identified that a priority for the future management of diabetes in Thailand could be increased screening of diabetes in high-risk populations and complications in all diabetics.
On the bases of the results of our study, we concluded that diabetic care services in Thailand should be reviewed and should get more attention and support from governmental institutions because hypoglycemia still constitutes as a major risk factor for diabetic patients in Thailand. In addition, we can use the results of this study to strengthen the need for more health promotion programs for better diabetes care service. Thus, health care providers should emphasize health education about hypoglycemia awareness in the diabetic patient. Furthermore, it is essential that medical personnel carefully explore these risks and seek the appropriate guidelines for a more comprehensive treatment and prevention of hypoglycemia for diabetics before diabetics become subject to these above dangers.
The strength of our study comes from population study cases and control subjects diagnosed by a physician. The sample represented all sectors of diabetic patients hospitalized at a 120-bed middle level hospital in Northeast Thailand. Another limitation of our study was that we reviewed the risk factors of hypoglycemia in a previously published study about hypoglycemia and theories of hypoglycemia in diabetic patients but did not perform in-depth interviews with the diabetic patient. This may result in a lack of risk factors of hypoglycemia due to hospitalization.
Conclusion
In summary, our study found that significant risk factors for hypoglycemia among diabetic patients were patients who received insulin injections alone were poorer medication adherence, and poor knowledge of hypoglycemia prevention self-care behaviors and suffering hypoglycemic events at home. Thus, we proposed that the risk factors found in this study should be used to develop guidelines for a more effective provision of risk for
